Abstract: This paper identifies high perceived-value requirements engineering (RE) practices specifically for outsourced software development projects. This is part of a study that aims to develop a framework for critical requirements engineering (RE) practices for outsourced software development projects. We used a survey questionnaire as the primary approach to collect data from 193 software development practitioners from 62 companies in Malaysia. The practitioners were asked to identify which RE practices, out of the 66 practices of Sommerville's framework, are considered critical for outsourced projects. Specifically, the practitioners were asked to assess and categorize the practices into four categories: high, medium, low and zero value. Only two RE practices were assigned a 'high value' by the practitioners and another 26 practices were assigned a 'medium' value. The findings show that there is an increased awareness of the importance of RE practices among Malaysian practitioners because only a very low percentage of the respondents selected most of the practices as zero-or low-value practices. Secondly, all the 28 practices ranked as 'high' and 'medium' value practices are critical and should be given high emphasis in the outsourced projects. Moreover, due to the many more specific characteristics of outsourced projects, the study also implies that there is an urgent need to identify other RE practices or other related software engineering practices that are critical for outsourced projects but that have not been captured within Sommerville's framework.
Introduction
Requirements engineering (RE) problems are universal and indeed very significant [1] . Numerous studies have demonstrated the importance of focusing on the RE process for successful software projects; RE also affects the quality of the software product. It has been noted that there is a clear relationship among requirements gathering, analysis, and software quality [2] . The importance of RE lies in the importance of the product itself. Improving the RE process has the potential to reduce development costs and time and thus increase the quality of the software system [3] . A study of requirements errors in safety-critical embedded systems demonstrated that 60% of the critical system errors were the result of requirements errors and failures [4] . Additionally, in an empirical study regarding RE, Hell et al. [5] found that out of a issues that can effect RE practices in information system development projects. Their study focused on aspects such as project management capability, management uncertainty, and the selection of capable personnel for the key roles in RE. It was noted that organizational and project problems, or non-technical problems, have a direct impact on the requirements engineering process. Hofmann and Lehner's study of requirements engineering and project success also supported these findings and recommended that during the early stages, managers of successful RE teams should consult experts to augment and validate the team's knowledge base [16] .
Hall et al. [5] discussed the results of a survey regarding RE problems in 12 different companies. The authors noted that the process of gathering and analyzing requirements is the key problem in the software development process. It was found that RE caused 48% of all discovered problems. Sadraei et al. [17] performed a field study regarding RE practices in the Australian software development industry; their study involved 28 software projects from 16 different software development firms. Their study examined RE practices and then compared the results with well-known RE models to identify the gap between theory and practice. The study found that the RE process was considered one aspect of the entire software process rather than a completely separate process. It also found that the awareness of documenting requirements increased with project size (i.e., large projects had better documentation awareness and standards). In addition, the number of employees working on a project affects the existence and number of RE responsibility roles in a project.
Niazi and Shastry identified the roles of RE in the software development process [2] . Their work was a detailed empirical study of requirements problems identified by 11 Australian software companies. The study was based on interview sessions with 22 practitioners from those companies. The findings were grouped into two categories: problems faced by organizations with a mature requirements process and problems faced by organizations with an immature requirements process. The RE process is considered mature if it is based on good practices and well-defined methods [2] . [18] , They found that requirement growth and continuing changes were the key challenges for the first group, and an unclear and vague initial requirement was the primary challenge for the second group. The authors provided some guidelines for both types of organizations to achieve better requirements management.
Badariah et al. [19] studied RE problems in 63 Malaysia-based software firms. Their study concluded that companies with CMM-DEV (Capability Maturity Model for Development) certification had no significant differences from others without any certification for almost all of the problems discovered. Most of the discovered problems were requirements-based rather than organizational problems. Although the work mentioned the best practices for RE, it did not demonstrate any link between these practices and the RE problems that they have found in their study.
Another study conducted by Boehm et al. [20] examined the requirements negotiation process for an internal digital library application project. The project involved over 50 professional librarians as clients and 5 or 6 computer science graduate students as software engineers. The authors elucidated that the 'two-culture' problem was the key challenge to determine a satisfactory set of requirements for the application under development. These 'two cultures' were the two groups of customers, which they named as the simplifiers and the complications. The authors argued that this approach reduced requirements problems within the project that they examined. This approach also reduced the number of projects that had serious problems regarding the feasibility of the Life Cycle Objectives milestone (for a series of projects between 1996 and 1998) from 4 out of 15 in 1996 and 4 out of 16 in 1997 to 1 out of 20 in 1998 [20] .
Regarding RE practices, Cox et al. [21] empirically studied the use of Sommerville and Sawyer's RE practices in 10 Australian companies. The authors identified two sets of practices. The first set was used by organizations as a standard across all projects, and the other set was used only within one project. The authors considered that organizations use RE practices because of their perceived value for that practice. However, some improvements in the practice guidelines were suggested by Sommerville and Sawyer [18] .
Research Design
This study used a questionnaire survey method to gather data regarding critical RE practices for outsourced software development projects. This method is highly recommended for software engineering projects; especially to understand current practices or trends [22] The RE practices investigated were selected based on Sommerville and Sawyer's RE good practices guidelines [23] . In their work, the authors suggested a list of 66 RE practices that can help practitioners implement a better RE process. These RE practices were divided into three main groups: basic (36 practices), intermediate (21 practices) , and advanced (9 practices). This categorization was based on the RE process maturity model [18] .
Survey Instrument
In this study, each respondent was asked to assess and ranked 66 RE practices into four categories that have been developed previously [1] . These categories are the following: 1) High perceived benefit: A RE practice is referred to as having 'high perceived benefits' if it has a documented standard and is always followed as part of an organization's process to address outsourcing, i.e., it is mandatory. 2) Medium perceived benefit: A RE practice is referred to as having 'medium perceived benefits' if it is widely followed in the organization's process to address outsourcing but is not mandatory. 3) Low perceived benefit: A RE practice is referred to as having 'low perceived benefits' if it is introduced only for some projects. 4) Zero perceived benefit: A RE practice is referred to as having 'zero perceived benefits' if it is never or rarely applied to any outsourced project. From this list, we have the 'perceived benefit' associated with each RE practice, i.e., the degree of importance placed on a RE practice by respondents based on their experience from previous software outsourcing projects. Other similar research has adapted the definition for 'perceived value'; for example, [24] used 'perceived value' to mean the extent to which a practice is perceived to provide value to a project or an organization based on the perceptions of practitioners whom are involved in the area of SPI. Here, we have provided an example of how we used an assessment scale, which is depicted in Table 1 . The data collection method significantly influences the data analysis process that can be used in the research [25] . We chose a questionnaire as our primary data collection method because questionnaires are best suited to the nature and type of data that we set out to analyze. A similar study performed by Niazi [24] used a similar approach. The questionnaire was developed based on Sommerville and Sawyer's RE good practices guidelines.
To uncover potential problems in the design and application of the questionnaire, we ran a pilot study that involved two researchers and two industry practitioners in the field of software development projects; they were chosen using a convenient sampling method. Prior to releasing the questionnaire, [26] ran a test on each item to assess the respondents' level of understanding, level of knowledge, and level of difficulty in responding and the level of relevance of the item to the subject area. We treated these four points by examining the pilot test responses and making changes based on the feedback as follows:
1) Level of understanding: In some cases, the pilot study participants did not understand some of the questions. This did not become a significant issue because we decided to use a face-to-face questionnaire-based survey session in which the respondents have the opportunity to ask questions if they do not understand something during the session. To increase the level of understanding and to avoid misinterpretation by the respondents, we provided a description for each of the practices. 2) Level of knowledge: Respondents were targeted specifically for their level of knowledge and experience in the area of software development outsourcing projects. Additionally, we included an empty space at the end of every page of the questionnaire for the respondents to identify and state any additional requirement management practices that they felt were relevant. 3) Level of difficulty: Our pilot study did not highlight any problems in responding to the questions.
Thus, we did not face any problem in this regard. 4) Level of relevance: None of the pilot study participants questioned the relevance of the questions asked. Thus, we did not face any problem regarding the relevance of the questions. During our pilot study, we ensured that the questionnaire was adequate in terms of its presentation and clarity. This was accomplished by having two researchers review the completed questionnaire and comment on its length, wording, instructions, and format before it was distributed. We also used the pilot study to assess the time commitment required to complete the questionnaire, which we estimated to be around 15-30 minutes. Based on the pilot study participant's feedback, the questionnaire was refined and sent back to the participants. None of the comments from the second review implied a need to change the revised questionnaire.
Data Collection Implementation
This study primarily used face-to-face meetings to distribute the survey questionnaires and collect them. Although it was possible to distribute the questionnaires online, we chose to meet with the respondents face-to-face to enable us to provide further clarification and explanation to the respondents and increase the validity of the data. We distributed the questionnaire to approximately 300 respondents, from which 193 completed questionnaires managed to be collected, representing a response rate of 63.3% of respondents who have answered the questionnaires. Only 10 of the survey questionnaires were received through e-mail. These 193 respondents are software development practitioners from 62 companies in Malaysia.
Findings
The questionnaire was designed to gather data regarding the perceived value of practices from the eight main groups of practices based on Sommerville's framework, which are requirements documentation, requirements elicitation, requirements analysis and negotiation, describing requirements, system modeling, requirements validation, requirements management, and RE practices for critical systems. However, in this paper, we do not discuss the RE practices for critical systems as not all participants have experience developing such systems. For the analysis of the perceived value of each RE practice, the occurrence of a perceived value (high, medium, low, or zero) from each questionnaire was counted. The primary data analysis used a frequency analysis technique to identify the most critical RE practices among the surveyed practices. Fig. 1 shows the distribution of our respondents according to their position in their company. We have grouped the respondents into 3 groups: 1) a senior executive/executive-level group that consists of requirements engineers, analysts, programmers, designers, and software engineers; 2) a middle management-level group, which consists of project managers, department heads, and technical consultants; and 3) a top management-level group, which consists of directors and general managers who are involved in decision-making. Most respondents hold positions at the senior executive/executive level; this group accounted for 78.8% (152/193) of the respondents. Approximately 19.7% (38/193) of the respondents hold middle management-level positions, and the remainder, 1.6%, holds top management-level positions. Although our survey includes a high fraction of senior executive/executive-level respondents, the respondents in this group are not junior executive or inexperienced: We confirmed that they have at least 5 years of experience in software outsourcing projects. Additionally, all of the respondents address real software outsourcing project issues on a daily basis; thus, the sample is not random but should rather be considered a convenience sample. The experience of these respondents in software outsourcing projects is illustrated in Fig. 2 . 
Respondent Demographics

No. of Respondents
The respondents were chosen from organizations of different sizes and with a wide range of products and markets that develop either software or combined software and hardware products. The organizations include telecommunication providers, security providers, system integrators, document solutions providers, finance and banking solutions' providers, among others. Based on the organization size definition provided by the National SME Development Council, Malaysia, for the ICT sector (micro: less than 5 employees, small: 5-19 employees, medium: 20-50 employees, and large: more than 50 employees), our respondents include 9 practitioners from micro-sized organizations, 55 practitioners from small-sized organizations and 92 practitioners from large organizations (as illustrated in Fig. 3) . As mentioned previously, these RE activities contain a set of best practices that were described in [18] . The following section discusses the RE practices covered in this survey.
Requirements Documentation Practices
Requirements documentation practices include the primary practices that are considered to be important for managing changes to a system's requirements [27] . Requirements must evolve because of changes to a The results demonstrate that only one practice ('define and follow a standard document structure') was classified as 'high perceived value' by more than 50% of the respondents. The other 7 practices were classified as 'high perceived value' by between 34% and 44% of the respondents. Moreover, if we analyze all 8 practices, we notice that the majority of the respondents (more than 80% of the respondents) rank all 8 practices to be either 'medium perceived' or 'high perceived' value practices. These findings seem to indicate that the 8 practices that we surveyed were perceived to be important to the practitioners, especially in the context of outsourced projects.
Requirements Elicitation Practices
Requirements elicitation refers to the activities involved in searching, gathering and discovering the requirements of a system. It involves more than just asking people; it also requires a thorough analysis of the organization, the application domain and the business process [27] . Hence, this activity is very crucial, especially for outsourced projects in which the stakeholders may come from different organizations with diverse cultural backgrounds. Fig. 5 presents the findings for the 13 practices within this category. The results demonstrate that there is not one practice that was identified as a 'high perceived value' practice by more than 50% of the respondents. Instead, we found that for each practice of the requirements elicitation practices category, the majority of the respondents (greater than 80%) identified each of the practices as either a 'high perceived value' or 'medium perceived value' practice. It is also good to note that 6 of the 13 practices within this category were identified as 'medium perceived value' practices by more than 50% of the respondents. For all 13 practices within this category, the majority of the respondents (between 70% and 80%), ranked these practices as 'medium' or 'high' perceived value. Only approximately 10%-20% ranked these practices as 'low' or 'zero' value.
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The literature seems to emphasize the importance of the elicitation process, especially when the projects involve many participating bodies. For example, [28] reports that elicitation and communication of software requirements is one of the four challenges of globally distributed software development projects. Hence, these findings motivate us to identify other additional elicitation practices that are vital, especially in the context of outsourced projects.
Requirements Analysis and Negotiation Practices
The objective of requirements analysis and negotiation is to identify problems with the system requirements and to agree on changes to satisfy the stakeholders. The findings of the survey demonstrate that only one practice ('prioritize requirements') was ranked by more than 50% of respondents as a 'high perceived value' practice (as illustrated in Fig. 6 ).
Requirements prioritization is a decision-making activity that helps order requirements based on their importance to the customer [29] . Prioritizing requirements leads to finding and identifying defects, such as Journal of Software underestimating, incorrectness, and ambiguousness in requirements [30] , because these requirements are analyzed from different perspectives when reviewing requirements. Prioritizing requirements also assists project managers in resolving conflicts, planning for stage deliveries, and making essential trade-off decisions [31] .
Overall, only 1% to 6% of the respondents described these requirements analysis and negotiation practices as low value. Hence, this finding reflects the awareness of the practitioners on the importance of these practices for software development projects. In the context of outsourced projects, requirements prioritization is more challenging and demanding because of the possible differences in views caused by the various stakeholders' backgrounds and possibly different cultures. Hence, ensuring the proper implementation of requirements prioritization within outsourced software projects can be considered one of the key measures to ensure that the requirements are understood and can be the primary determinant of project success. The results demonstrate that there is not one practice under this category that was ranked by more than 50% of the respondents as a 'high perceived value' practice (see Fig. 7 ). However, 4 out of 5 of the describing requirements practices were identified by more than 50% of the respondents as 'medium perceived value' practices. It seems that in the context of outsourced projects, these practices may still be perceived as key practices that can help increase the efficiency or effectiveness of the RE process due to the differing background of stakeholders and users. Hence, having a proper and standard way of describing requirements will tremendously facilitate the process of achieving a shared understanding of the requirements from the variety of stakeholders.
Describing Requirements Practices
System Modelling Practices
The aim of system modeling is to clarify, represent and check the validity of the requirements. The results indicate that there is not one practice in this category that was identified as 'high perceived value' by more than 50% of the respondents (see Fig. 8 ). However, 4 out of 6 of the system modeling practices were ranked Journal of Software as 'medium perceived value' by more than 50% of the respondents. This finding indicates that although system modeling is critical in clarifying vague requirements, the practices may not be perceived as the primary practices to ease the process of requirements engineering in the context of outsourced software development projects, which might involve more differing, contrasting and diverse viewpoints. 
Requirements Validation Practices
The goal of requirements validation is to certify the requirements in order to ensure that they represent an acceptable description of the system to be implemented. The results for this category are quite similar to those for the previous two categories of practices, i.e. describing requirements and system modeling. No single practice of the requirements validation practices was ranked as 'high perceived value' by more than 50% of the respondents (see Fig. 9 ). However, 5 out of 8 practices were ranked as 'medium perceived value' by more than 50% of the respondents. Overall, 80% of the respondents ranked each practice as either a 'high perceived value' or 'medium perceived value' practice. These results seem to indicate the general importance of these practices. 
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Requirements Management Practices
The results indicate that not a single practice in this category was ranked as 'high perceived value' by more than 50% of respondents (see Fig. 10 ).
However, 5 out of 9 of these requirements management practices were identified as 'medium perceived value' by more than 50% of the respondents. It is interesting to note that for most practices within this category, only approximately 25% of the respondents ranked them as 'high perceived value'. The reason for this result might be the nature of the surveyed practices, which are intended to facilitate the process of managing individual specified requirements and do not actually address the possible complexity of managing requirements as a whole. However, these management practices can be considered to be more crucial that needs to be tackled appropriately especially for outsourced software projects because of the diversity of stakeholders, cultures and resources involved in such projects. 
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Summary of Results
This study was motivated by the challenges faced by outsourced software projects. Almost 40% of outsourced projects do not achieve the expected benefits, while approximately 50% of companies that have global software teams fail to obtain the anticipated results. Hence, this study intended to identify the critical requirements engineering practices that should be given high priority in order to ensure greater success for Journal of Software outsourced software development. Although there are numerous practices mentioned in the literature that are suitable for outsourced projects, we decided to first ascertain the perception of practitioners towards the importance of the RE practices that were identified in Sommerville's framework. We created a survey instrument based on the RE practices listed in Sommerville's framework to gauge the importance of these RE practices for outsourced software projects.
In this study, we collected a set of data from software practitioners in Malaysia Based on the data collected, only two RE practices were perceived to be of 'high' value, which means that the majority of the respondents (≥50%) ranked them as 'high value'. The results also list 26 practices as 'medium' value practices; these practices account for 40% of the total practices. Table 2 lists the practices for the 'high' and 'medium' value practices within each category.
Conclusion and Future Work
Beneficial requirements engineering practices are known to have a positive impact on software development projects. This empirical study intended to investigate software practitioners' perceptions regarding the importance of a selected set of RE practices for outsourced software development projects. The primary aim was to identify the critical RE practices to be recommended in order to help practitioners address the challenges of outsourced software projects. Essentially, this initial investigation has enabled us to obtain an understanding on the perception of software practitioners regarding the 66 RE practices based on Sommerville's framework. Our study considers that the 66 RE practices provided by the framework can be considered as the basic RE practices that are essential for diverse types of software development projects, including outsourced software development projects. However, because of the differing and challenging nature of outsourced projects, which have special characteristics, we have to identify more additional RE practices that can help address those challenges.
Our findings show that only two practices were ranked as high value practices and 26 practices were ranked as medium value practices. We presumed that the findings indicate that the participating respondents have already been exposed to a variety of challenges in outsourced projects and wish to see more specific RE practices that can cater to the specific challenges of outsourced software projects. Hence, this might be the reason why they ranked very few RE practices that we surveyed as the practices that can be potentially adapted to cater to outsourced projects.
In essence, this study enables us to recognize that there can be at least two categories of RE practices that can cater to outsourced projects. One set can come from the basic RE practices which have essentially been identified in Sommerville's framework. Another set of RE practices should try to focus on the specific challenges faced by outsourced projects. The following research questions are for our future work in this project:
RQ1: What other RE practices should be included in the Outsourced Requirements framework? RQ2: How can we evaluate the Outsourced Requirements framework? Our future work will attempt to identify the specific challenges and issues that outsourced software development projects face and the potential RE and general software engineering practices that can address these challenges. These practices must be gathered and validated using feedback from the software development experts as well as from the software practitioners to ensure that we are able to assist software developers in outsourced software development projects.
